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Background: Reaching overhead and reading are tasks that many individuals encounter daily. The level of difficulty
of these tasks increases if an individual has neck pain. This study determined the neck movement patterns during
these two tasks by comparing neck flexion of individuals with and without neck pain.
Methods: This case control study used the portable video technology, Dartfish ProSuite 5.5 Video Software, to
analyse neck flexion movement patterns. Healthy individuals and individuals with neck pain were videotaped while
they completed two tasks: reaching overhead from a standing position and reading from a sitting position. A single
position of interest was selected for analysis from both tasks. The degree of neck flexion presented by the
participant in this position at the beginning and end of the task was recorded. The angle change between these
two time points was calculated for each participant. Differences between groups were determined by comparing
the average flexion angle changes in groups by t-tests.
Results: The average angle change experienced by controls and neck pain participants during the overhead reaching
tasks were very similar and a significant difference was not observed. The average angle changes experienced by the two
groups during the reading task were more variable, but not significantly different. A t-test comparing average neck flexion
angle change during dominant arm elevation for controls (m = −5.28˚, sd = 31.14) and neck pain participants (m = 5.07˚,
sd = 32.41) revealed a mean between group difference of −10.34˚ (t17 = −0.688, p = 0.5003). The average neck flexion
angle change during long neck flexion was not statistically different between controls (m = 10.08˚, sd = 18.89) and neck
pain participants (m = 4˚, sd = 18.18); although the mean between group difference was 6.08˚ (t17 = 0.6856, p = 0.5022).
Conclusions: Task performance is highly variable between individuals making it difficult to assess the impact of neck pain
on small samples even with detailed motion analysis. Despite this, there was a difference in neck posture during reaching
activities between controls and patients with neck pain. Neck pain can therefore influence the movement patterns used
during daily activities. This has implications for primary and secondary prevention.
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The prevalence of neck pain in the general population is
high, as approximately 70% of adults will experience neck
pain in their lifetime [1]. It is therefore important to deter-
mine how neck pain impacts the performance of daily
tasks such as reaching and reading, as these are problem-
atic tasks for people with neck pain. Injury, occupational* Correspondence: constamk@mcmaster.ca
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distribution, and reproduction in any mediumfactors, and psychological factors have all been implicated
in neck pain [2]. Previous studies have demonstrated that
neck pain causes reduced activation of muscles involved
in a repetitive upper limb task; potentially as a mechanism
to mitigate a painful stimulus [3]. Such reduced muscle
activation could result in either poor coordination of
movement or reduced arcs of motion. Neck pain has also
been found to lead to muscle fatigue, which can negatively
impact an individual’s posture, muscle velocity, muscle
power output, and ability to complete repetitive move-
ments [3,4]. Self-report scales are sometimes used tooMed Central Ltd. This is an open access article distributed under the terms of
tp://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
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pain and can tell us the extent to which different tasks are
problematic. However, self-report cannot inform our un-
derstanding of the kinematics or anatomy of how tasks are
performed differently with neck pain.
It is hypothesized that individuals with neck pain will
display reduced arcs of motion, or “bracing”, during
reaching and reading tasks when compared to those
without neck pain. The assumption associated with this
hypothesis is that a correlation exists between neck pain
and long and short neck flexion angles. Reaching overhead
and reading are functional tasks that require the neck to
perform repetitive movements and hold the head in a static
position. This study selected two tasks that incorporate
different types of cervical motion, with short neck flexion
(reach overhead task) representing upper cervical spine
motion and long neck flexion (reading task) representing
lower cervical spine motion. Due to the fact that the two
primary causes of neck pain are repetitive movements
and static postures [5], these two tasks were selected to
represent different types of challenges that might be
compromised in people with neck pain. The purpose of
this study was to determine whether differences exist in
the arc of motion for people with or without neck pain.
Methods
Twelve healthy subjects and seven subjects with neck
pain were recruited from November 2011 to April 2012.
All subjects were over 18 years of age and gave informed
written consent for their participation in the study.
Inclusion criteria for neck pain participants included the
reporting of neck pain on the Neck Disability Index.
Exclusion criteria for both subject groups included any
underlying neurological condition and consumption of
alcohol or caffeine four hours prior to their lab appoint-
ment. Due to the small sample size, the study was not
powered for subgroup analysis. Ethics approval for this
project was granted by the Hamilton Health Sciences
Research Ethics Board.
The two groups compared were controls (n = 12) and
participants with neck pain (n = 7). Participants were video
recorded using the Canon PowerShot SD1200 IS Digital
ELPH camera while performing a standardized reaching
task where they were required to reaching overhead to
place a two pound weight on a shelf from a standing
position using their dominant arm [6,7]. The shelf was
placed 25 inches above the participant’s naval. This action
was repeated for 30 seconds to a metronomic beat set at
30 beats per minute indicating to the participant when to
elevate and lower the weight from the shelf. Participant
movement during the overhead reach was recorded in the
sagittal plane. Short neck flexion was tracked in Position A
by consistently tracking and measuring the angle between
the chin and the plumb line for 30 seconds (Figure 1).Participants were then recorded while reading a text in
a sitting position for two minutes. Data capture was ex-
tended to two minutes for the reading task, as it is iden-
tified by Murphy, Buckle & Stubbs [8] that long neck
flexion positions will vary with time. The text to be read
was resting flat on a table top. Participant movement
during the reading task was recorded in the sagittal
plane. Long neck flexion was tracked in Position B by
measuring the angle between the chin and the plumb
line for one minute (Figure 2).
Dartfish ProSuite 5.5 Video Software Solutions was used
to analyse movement in two dimensions. This two di-
mensional analysis is consistent with the definitions of
short and long neck flexion employed in this study. Using
the angle tracking tool, neck flexion was measured and
tracked using the Dartfish Analyzer Data Table, which
recorded angle measurement and its associated time code.
Position A’s neck flexion angles were measured at baseline
(time 0) and at task completion (30 seconds post task initi-
ation). Position B’s neck flexion angles were also measured
at baseline (time 0) and at task completion (30 seconds
post task initiation). The angles at task completion were
subtracted from those at baseline to determine the
number of degrees by which the angle changed (Tables 1,
2, 3 and 4). For the purpose of this study, this calculation
represented the arc of motion experienced by the parti-
cipants for each task being analysed, and served as the
data upon which the two groups were compared. All
statistical values were determined by Stata IC12 Statistical
Software. All between group analyses of neck flexion angle
changes were conducted using a t-test.
Results
Changes between baseline, or resting position, and final
neck flexion angles were represented by positive num-
bers if the final angle was smaller than the initial angle,
and negative numbers if the final angle was greater than
the initial angle (Tables 1, 2, 3 and 4).
A t-test was used to compare average neck flexion
angle change during dominant arm elevation for con-
trols (m = −5.28˚, sd = 31.14) and neck pain participants
(m = 5.07˚, sd = 32.41) to determine if there were differ-
ences in arcs of motion used during an overhead
reaching task. Non-significant differences in arcs of
motion were observed between controls and patients
with neck pain, as a t-test revealed a mean between
group difference of −10.34 (t17 = −0.688, p = 0.5003).
A t-test comparing average neck flexion angle change
during the reading task for controls (m = 10.08˚, sd = 18.89)
and neck pain participants (m = 4˚, sd = 18.18) was
conducted to determine differences in arcs of motion
during a reading task. A mean between group difference of
6.08 was observed, representing a non-statistically signifi-
cant difference (t17 = 0.6856, p = 0.5022).
Figure 1 Participant during overhead reaching task. This image represents Position A and was taken during the analysis of the neck flexion
of the participant reaching overhead.
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task in two main ways. They either maintained their gaze
in the forward direction while they raised and lowered the
weight, or they followed the weight with their eyes. Those
that chose the second strategy were observed to have a
greater variance in their neck flexion. In particular, it was
observed that the older participants were more likely to
use this strategy.Figure 2 Participant during reading task. This image represents Position
participant reading.Discussion
This study provided preliminary results demonstrating
small differences in task performance between people with
neck pain and those without neck pain performing stan-
dardized tasks; and the feasibility of assessing differences
in task performance using two-dimensional video-based
movement analysis. Although the current gold standard
for kinematic analysis is three dimensional tracking ofB and was taken during the analysis of the neck flexion of the









1 71.39 54.76 16.63 −5.28
2 88.75 132.65 −43.9
3 48.18 122.94 −74.76
4 87.28 96.88 −9.6
5 92.62 43.83 48.79
6 94.53 88.67 5.86
7 90.42 79.76 10.66
8 101.72 91.73 9.99
9 90 107.3 −17.3
10 90.84 83.95 6.89
11 81.17 90.8 −9.63
12 93.39 100.42 −7.03









1 94.78 88.52 6.36 10.08
2 116.49 66.46 50.03
3 85.96 69.31 16.65
4 94.63 97.24 −2.61
5 94.53 88.67 5.86
6 145.34 106.85 38.49
7 123.63 123.62 0.01
8 102.65 92.1 10.55
9 112.18 105.35 6.83
10 112.94 104.6 8.34
11 108.2 104.1 4.1
12 109.96 133.6 −23.64
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sional video-based tracking system, has potential advan-
tages for clinical assessment because it allows assessment
of task performance in different contexts, is much more
economical than a movement laboratory, and provides an
option to review performance over time for retraining pur-
poses. Others have suggested the usefulness of this ap-
proach for assessing lower limb movement [8-11];
however, this study adds that we were able to successfully
monitor changes in neck flexion. This is important since
neck motion is quite different than measurements that
would be taken for the lower limb. Borel, Schneider, &
Newman [10] identify that the software’s “ease of use” al-
lows for studies to track movement for longer periods of
time, as the software requires less time to complete tasks
than other visual assessments of kinematics. This is par-
ticularly useful for studying problems aggravated by re-
petitive movements over extended periods of time, such as
those that cause neck pain. Miller & Callister [11] identify
that using the software to track movement results in high
intra-rater reliability because even those new to Dartfish
Video Software Solutions were able to accurately follow










1 92.82 99.26 −6.44 5.06
2 92.57 44.45 48.12
3 66.31 70.88 −4.57
4 95.07 150.42 −55.35
5 104.4 90.6 13.8
6 112.6 87.5 25.1
7 101.3 86.5 14.8Functional tasks are complex movements that are
influenced by motor control, body size and shape, and
many other factors. A variety of motor control theories
exist to describe how movement takes place. The theory
of abundance states that a limb has many degrees of
freedom [12], and implies that there are many different
strategies that can be used to accomplish a specific
motor goal. In this study, we provided a standardized
task that allowed some flexibility in how it was
performed. However, both anthropometric factors and
motor control factors undoubtedly contributed to the
wide variation we saw between individuals and how
these tasks were performed. When reaching overhead,
individuals have an abundant number of potential strat-
egies to lift their arms to reach and grasp the weight
from the shelf. Every time the participant reached for
the weight during the overhead reach task, the central
nervous system employed its muscles and joints differ-
ently [12]. Thus, there is some variation even within a
single individual on how tasks are repeatedly performed.
People with neck pain may need to alter their strat-
egies in performing tasks to accommodate their neck










1 89.28 81.25 8.03 4.00
2 116.7 133.19 −16.49
3 143.68 141.56 2.12
4 101.51 61.67 39.84
5 127.8 138.5 −10.7
6 130.1 123 7.1
7 104 105.9 −1.9
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used, the coordination of the motion and other parame-
ters. In this study, we focused on measuring the arc of
motion used to perform the task. Thus, changes in
motor strategies in other parameters such as speed of
motion were not reflected in our analysis and may have
been missed. Our study may not have captured different
forms of compensation use by patients to minimize neck
pain such as relying more heavily on upper limbs and
postural muscles to achieve the reaching task.
Unfortunately, the variant of eye gaze previously iden-
tified in the results was not anticipated and was only
noted once data collection began; so formal measure-
ment of eye gaze was not performed in all subjects. A
potential reason for older individuals to require more
visual feedback to maintain their grip on an object is
that they may have diminished sensory feedback about
the nature of their grip [13]; they may have a lower grip
strength and be gripping with a different operational
range that younger individuals; or, they may have less
confidence in their ability to maintain the activity and
require visual feedback to increase their focus on the
task [14].
Although motion analysis is often completed with
small sample sizes, variability in task performance was
greater than we had anticipated. Another potential
source of variation in how people perform tasks is based
on their anthropometric characteristics. Although the
height of the reaching task was related to the person’s
eye level, and hence had some compensation for height;
it is likely that tasks vary by body size and gender.
Future studies should consider matching on these fac-
tors to reduce this variation. The overall effect of vari-
ability between subjects whether due to anthropometric
reasons, motor control reasons, or others contributed to
variation between subjects beyond our initial estimates.
The effect was reduced power in our statistical analyses.
Hence, group differences of 10° in neck flexion which
might be considered clinically significant by some, were
not statistically significant.
There are also limitations in our study in relation to
the use of video analysis. As Norris & Olson [9] have
identified, a limitation to using Dartfish Video Software
Solutions is that the number of studies tracking move-
ments of participants with varying pathologies published
today is small, and hence there is a lack of reference
values or parameters for subject variability/error com-
parisons purposes. Although the software was able to
track neck flexion in this study, a comparison with the
gold standard of kinematics tracking would be useful to
assess how accurately Dartfish Video Software Solutions
was able to track differences in neck flexion over time.
Obviously, two-dimensional analysis provides less infor-
mation than three dimensional analysis. In this study, werestricted ourselves to a two-dimensional analysis be-
cause we are interested in neck flexion/extension arc of
motion. Video analysis can include three-dimensional
considerations when two cameras are used, as long as
these are synced. Spinal motion is complex, and video
analysis is not the optimal approach to investigate at
what level motion was occurring. We know that flexion
occurs differently at different levels of the spine. More
specifically, upper cervical spine motion includes move-
ment of the atlas (C1) and the odontoid process (C2)
[15], and this study has referred to flexion at this C1-C2
craniocervical junction as short neck flexion. Further-
more, long neck flexion is associated with flexion at the
lower cervical spine via the separation of spinous pro-
cesses of C2-C7 vertebrae [15]. A final limitation to this
study is the fact that trunk movement was not restricted
during the trials. However, it should be noted that exces-
sive restriction placed on subjects could have led to
unnatural task completion.
Left untreated, acute neck pain can become chronic
and result in secondary health problems [4]. For this
reason, research into the causes and effects of neck pain
is imperative, especially in today’s aging society where
90% of office workers use computers daily (computer
work being cited as contributing to neck pain and pos-
tural muscle fatigue) [16]. Gender, age, poor social sup-
port, job dissatisfaction, and high job demands all
contribute to the development of neck pain [17]. Driessen
et al. [17] identify that research into prevention is “scarce”,
and due to the “multifactorial origin” of neck pain, it is
necessary to educate individuals on how to prevent neck
pain. Although our study is preliminary, it does provide
preliminary information on the amount of neck motion
used, and the types of motor strategies employed during
two standardized functional tasks. Understanding how
functional and work tasks are performed, and how this
might contribute to neck disorders is an important and
understudied area. Larger studies of task performance in
different contexts such as workplaces, and in larger groups
of individuals considering personal and environmental
factors are needed to fully understand the exposures
which might be contributing to neck pain.
Conclusions
This study found that video analysis was able to measure
neck flexion, arcs of motion, and movement strategies
that were highly variable between individuals when
performing two standardized optional tasks involving
upper and lower cervical spine flexion. Although mean
differences in arcs of motion during reading were 10°
different for people with neck pain in comparison to
controls, larger sample sizes will be needed to obtain
statistical significance. It is therefore important to note
that armed with the knowledge on how to minimize risk
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to modify their habits in order to maintain their muscu-
loskeletal health and thus ameliorate their quality of life.
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